Introduction
There are many benefits to a diverse workforce of civil engineers. In particular, work-place innovation, creativity, knowledge and productivity have been shown to be enhanced when many perspectives and experiences are represented. 1 As the civil engineering profession tackles some of big challenges facing society in the 21 st century, it is critical that we are able to recruit and retain the most talented students, regardless of gender or race/ethnic background. Unfortunately, engineering schools continue to be challenged by student retention, and, for example, only about 70% of entering engineering freshman at our large public university graduate with an engineering degree within six years. Although retention is a challenge for all students, it is particularly apparent for women and minority students whose representation in engineering decreases at every education and career milestone.
1,2 As a result, women and minorities still make up a small fraction of those earning engineering degrees. At our institution, a public university in the state of Colorado, the undergraduate population is about 20% women and 8% underrepresented minorities (compared to 20% and 11% nationally). Moreover, only about 15% of practicing civil engineers in some subdisciplines, like structural engineering, are women. 3 In contrast, women now make up over 30% of lawyers and physicians, and over 70% of psychologists. Since no evidence exists that significant gender or racial differences in math or science ability exist 1, 4 , discrepancies in persistence, engagement and achievement in engineering have been attributed to a range of factors including a lack of preparation 5 and encouragement 6 , workplace 7, 8, 9 and academic 10 environments, and the public image of engineering 11 . Yet, little research has examined why some engineering fields are more successful at recruiting and retaining a diverse student body and workforce than others and what factors affect individual's choice of a discipline or subdiscipline of engineering. In addition, it remains unclear to what extent patterns observed of diversity in engineering as a whole are representative of specific disciplines.
To improve our understanding of the factors that influence the persistence of various groups of students in civil engineering education and careers, this paper describes findings from a survey taken by 223 undergraduate (165) and graduate students (58) in civil engineering. The survey aims to address the following questions:
• What are the factors that affect why women and minorities choose to pursue education in civil engineering? • What aspects of the civil engineering curriculum and course work do students find particularly motivating and interesting? Do students feel that they have a mentor? What kind of work experience and internships have students had? Are they members of student/professional engineering organizations? Do the answers to this question depend on the gender or ethnic/racial background of the student? • How do students perceive civil and structural engineering careers and their own opportunities for success in this profession? Are these perceptions different for women and minority students? We explore both civil engineering and the subdiscipline of structural engineering because structural engineering has historically been one of the least diverse areas within the broader field of civil engineering. Reasons for the lack of diversity in structural engineering, and challenges related to retention and recruitment of a diverse workforce in that particular area of civil engineering, have never been examined. This study focuses especially on women, and African Americans, Native Americans and Hispanics, following the typical designation of these groups as "underrepresented minorities" (URM) in engineering.
Current state of diversity of U.S. universities' civil engineering programs
To begin, we quantify the current state of diversity of U.S. universities' civil engineering programs. Specifically, the study examines the demographics of students and faculty at the top civil engineering programs in the U.S. (as listed in the US News & World Report 2012 ranking). Data quantifying the representation of women and underrepresented minorities among university faculty, graduate, and undergraduate students were collected from civil engineering departments. Where possible, specific information about structural engineering faculty and students was recorded separately.
The data were collected primarily by emailing department chairs, administrative staff or faculty at the top 50 universities listed in the US News & World Report 2012 ranking. Of the emails sent, 28 responses were received, although not all responses contained complete information. When universities did not respond or responded with missing data, the remaining information was collected from the American Society for Engineering Education (ASEE) database. 12 This database records the number of engineering faculty and students enrolled in ABET-accredited universities and separates the faculty and students based on gender and ethnicity. Since the ASEE data are aggregated by department, ASEE does not have information regarding students and faculty specifically with emphasis in structural engineering. Data for each university includes the total number of civil engineering students and faculty, and the number in each gender or race/ethnic group, and these values are used to determine the gender and racial breakdown nationally, with the results provided in Table 1 . Table 1 shows that there are fewer women than men among all cohorts (undergraduate students, graduate students, and faculty) and even fewer underrepresented minorities. The percentage of African Americans in less than 3%, and the representation of Native Americans is near zero. However, there is significant variation in gender and racial diversity among the universities, as indicated in the rows labeled "max" and "min" in Table 1 . For example, one university has an undergraduate civil engineering population that is 59% women; another school's undergraduate population is 15% Hispanic. Although the data for structural engineering specifically is more limited and the trends are less clear, Table 1 seems to reveal somewhat higher percentages of women and minority students in civil engineering, as compared to the structural subdiscipline. Table 1 also shows that undergraduate students typically include a higher percentage of women and minorities compared to the graduate students, which are in turn generally greater than that observed among faculty. The differences between undergraduate and graduate students likely indicate variable patterns of attrition from the field among different groups of students. An alternative hypothesis is that there are more women and minorities starting civil or structural engineering studies now than there were in the past, so the graduate student diversity will increase as these students continue through the pipeline. However, nationwide data shows that, if anything, women and minority representation among students in science and engineering disciplines has decreased slightly over the past 10 years 2, 5 , making this hypothesis unlikely. 
Survey design and dissemination
The survey described in this paper was distributed to both undergraduate and graduate students. We recruited participants studying civil or architectural engineering at U.S. universities. The survey targeted students with at least junior standing, to ensure that they had substantial engineering-related course experiences. At the graduate level, we targeted solely students pursuing degrees in the area of structural engineering.
The web-based survey was designed according to best practices in survey design, in terms of visual arrangement, types, and organization of questions and compatibility with multiple web browsers 13 , and implemented on the Google Forms platform. The primary topics covered in the survey are summarized in Table 2 , with a focus on exploring factors that previous research have demonstrated affect retention, persistence and diversity [5] [6] [7] [8] [9] [10] . To test the clarity and the length of the survey, the survey design was distributed to a small number of pre-identified respondents for feedback, and the survey questions updated before broader dissemination. A link to the survey was disseminated through email and other electronic media via students, faculty, and staff at universities with major civil engineering programs. Faculty and staff at a number of universities were asked to forward the survey to student email distribution lists. Social media platforms, including Facebook and LinkedIn, were also used to reach a wider number of potential respondents. The survey was live in October and November, 2012. The survey design and recruitment methods were reviewed and approved by the university IRB office before distribution. We are unable to quantify the response rate because we do not know how many individuals received the link, but response rates for web-based surveys with a significant number of questions tend to be relatively low. 6 Participants responses were excluded from the analysis if any of the following conditions occurred: (1) if the respondent did not provide information about his/her gender; (2) if the respondent did not finish the survey; or (3) if the respondent took the survey more than once. Early respondents were offered a $5 Starbucks gift card for participating. 
Demographics and background of survey respondents
In total, 223 responses are included in the final analysis. Of these, 165 are undergraduate students and 58 are graduate students. As shown in Table 3 , 51% of the undergraduate respondents are men, compared to 67% of the graduate student respondents. Among both groups, the majority of the respondents are white; the survey received responses from very few African Americans and no individuals identifying as Native American. The graduate student population appears to have somewhat more race/ethnic diversity. On average the undergraduate respondents were 19-20 years old, and the graduate respondents were 23-24 years old. The survey did not distinguish between American and international students, who answered questions about race/ethnicity with the same options as other students.
Undergraduate Student Respondents
The undergraduate students were largely juniors (38%), seniors (45%) and 5 th -year seniors (17%). Most of the respondents attended large public universities (62%), with other responses coming from students at large private universities, small private universities, and small public universities. We received no responses from students attending liberal arts or community colleges.
Although the survey reached out to all undergraduates in civil or architectural engineering, the survey did inquire about student's primary disciplinary interest or area of emphasis. For men, respondents reported pursuing subdisciplines of structures (34%), construction management (16%), and architectural design (10%). For women, the top three disciplines reported were: structures (29%), environmental (14%), and construction management (12%). These distributions are likely not representative of the undergraduate civil engineering population, as we intended to reach more students interested in structural engineering than other subdisciplines through our survey participation recruitment strategy. In total, 89% of the undergraduate respondents said they had considered choosing in structural engineering at some point during their higher education. Graduate Student Respondents
The survey reached 58 graduate students studying structural engineering. Sixty-percent of the students were pursuing an M.S. degree, with the other 40% pursuing a Ph.D. In addition, 47% were in their first year of study at the time of the survey, 28% had been in graduate school for 1-2 years, and the remaining 26% had been in graduate school for at least three years. As with the undergraduate respondents, the bulk of the graduate respondents reported attending large public universities.
Pre-university experiences: Why choose civil and/or structural engineering?
The survey first asked both undergraduate and graduate students to identify when they decided to pursue education in civil, or structural, engineering as well as the factors that led then to pursue this area of study. Among undergraduate students, the majority (68%) of respondents reported deciding to pursue civil engineering before the start of their junior years in college. Among graduate students, the majority (60%) of respondents responded that they had decided to pursue civil engineering during high school; an additional 21% made this decision during the first few years of college. The survey also asked graduate students about when they decided specifically on structural engineering. In general, this decision was somewhat later than the decision to study civil engineering, typically in the middle to latter part of their undergraduate studies.
Responses to questions about the factors that led to this choice of discipline are provided in Table 4 . The primary factors identified were interests in math and science, as well as because the practicality of engineering. These were mostly the same a for the different subgroups of respondents, although underrepresented minorities chose "desire to make a difference" at a higher rate than other groups, making it a more popular choice for this subset of respondents than either "interest in science" or "engineering is practical". The secondary factors identified (underlined in Table 4 ) also showed that women were more likely to mention the importance of making a difference. Men were more likely to cite the importance of a teacher/mentor encouragement, while women were more likely to point to a family member or close friend who is an engineer. URM students were less likely to mention a family member/friend who was an engineer, and more likely to report the influence of a teacher or mentor on this choice.
University experiences: Undergraduate students
Courses and Skill Development
To explore students' university studies, the survey first asked questions about undergraduate students' experience with various required and optional courses, in order to explore how students of different gender and race/ethnic background experienced these courses. In one question, we asked students to identify the courses that they liked the most and the least, with the results illustrated in Figure 1 . Among our survey group, structural analysis, structural design, statics, and fluid mechanics tended to be popular, whereas thermodynamics, statistics, and economics were less popular. (However, this result should be interpreted lightly as our survey reached more structures-oriented students.) The primary reasons given for liking or disliking a course related to the professor, and the professor's teaching style or method of presenting material, as well as the the students personal interest in the subject matter and material. There are no differences in the reasons given for liking or disliking a course between men, women, and minorities. † There were not significant differences in the responses between undergraduate and graduate students so both groups are combined in the data presented in this table. # Others includes non-white students who are not classified as underrepresented.
Next, we asked the students to rate their experience with (a) structural engineering courses, (b) common science and math prerequisite courses, and (c) humanities and other elective courses, in terms of how much value these courses added to their engineering education and future career goals. Eighty-one percent of students reported having good or great experience with structural engineering courses (corresponding to to a survey selection of "some or significant value added to their engineering education"). This response was consistent across men and women and white and minority groups, and evidenced by comments like, "I really enjoy structural engineering. It's very tough, but rewarding nonetheless". Despite this generally positive response, 6% of respondents reported a poor or very bad experience that contributed to them losing interest in structural engineering. These responses were accompanied by comments like: "I feel many civil engineering students have been intimidated and disenchanted with structural engineering."
Somewhat fewer, 55%, of student respondents had good or great experience with math and science prerequisite courses, and there were not substantial differences in the answers to this question based on gender or race/ethnicity. With regard to humanities and elective courses, 33% said they had a good or great experience; again results were similar across subgroups of respondents. On average, students had taken about six elective (non-engineering) courses at the time of the survey. In addition, 28% of the respondents reported that they were pursuing another degree (either double major or minor) in addition to their engineering studies. Of these, students mostly commonly reported a degree in mathematics or statistics, with the second most students reporting a degree in business. There were several students pursuing additional degrees in either architecture or Spanish. Respondents were then asked to identify the aspects of their engineering program that had most helped them succeed in engineering. The responses are summarized in Figure 2 . Students responded that completing homework/assignments, and collaboration with fellow classmates, were most critical to their success (selected by 25% and 23% of students, respectively). Internship experiences were generally ranked lower than the other factors, but this may be because many students had not had an internship experiences at the time of the survey. Figure 2 also indicates men were more likely than women to point to their own technical skills and work ethic as being important (13% vs. 7%). On the other hand, slightly more women than men said that their study groups, textbook and handouts, lectures and activities in class, as well as engagement with the professor/teaching assistants, were important, but the differences are small. Compared to white men, underrepresented minorities' responses followed similar trends to those from women, putting less importance on technical skills, and more on engagement with classmates and professors and teaching assistants.
In addition to these multiple choice questions, in the open-ended questions at the end of the survey, a number of respondents chose to comment on the important role that faculty play in either encouraging or discouraging students from study in civil or structural engineering:
• "I think professors make the biggest difference in the experience a student has and the field of Engineering they pursue." These comments demonstrate the crucial role of professors as ambassadors of the profession in students' early careers. The next section of the survey listed a number of different skills that are important for engineers, including both technical and non-technical skills. Students were asked to rate each skill on a scale of 1 to 5 according to how much they have improved these skills during their engineering education, where 1 signifies "I've improved these skills very little" and 5 signifies "I've improved these skills significantly". b As evidenced by results summarized in Table 5 , the biggest improvements in skills were reported in critical thinking, engineering design and applications, and mathematics. Women reported somewhat higher improvements in written communication, oral communication, and leadership than men. There are some differences in the skills reported by underrepresented minorities and other minority groups (e.g., other minorities b Note that the survey did not ask about how strong students felt their skills were at the beginning or end of their studies, instead asking them to assess their level of improvement. reported slightly higher gains in written and oral communication skills), but these differences are not significant due to the small sample sizes of survey respondents in these groups.
The survey also asked students for their perception of the difficulty of their engineering courses and their confidence in their technical skills. Responses about the difficulty level of the coursework (Figure 3) show that the largest number students reported that some engineering courses have been easy while other courses have been more difficult. However, women were more likely to say that courses were difficult or were becoming difficult, while men were more likely to say the difficultly was about right or that courses were becoming easier. In response to questions about confidence (Figure 4 ), students revealed that both men and women are fairly confident about their technical skills, or say that their confidence has increased as student. However, male respondents were more likely than female respondents to say that they were very confident, and less likely to choose options that expressed a lack of confidence. To provide some additional context in this arena, the survey asked students to report their GPAs, with the distribution shown in Figure 5 . These GPAs were very similar across respondents by gender and race/ethnicity: the average GPA for male students was 3.2, for women was 3.2, for white students was 3.3, and for minority students (URM and other) was 3.1. The statistics also reveal a somewhat higher standard deviation in men's grades than women's grades. Despite the similarities in GPA, though, men were much more likely to report their academic work is "above average" or "slightly above average" (65% compared to 44% of women). Other minorities were less likely to report that their academic work was above average (44% of respondents). 
Mentoring
Most of the students (66%) reported that they had a mentor that has strongly influenced education and career-related choices. Approximately half of the time, students reported that these mentors were a family member or relative. About 30% of the time, they cited a teacher or professor as an influential mentor.
Retention
The survey reached only students currently studying civil, architectural, or structural engineering, not those who had left these degrees. However, a question on the survey did ask students whether they had ever considered switching majors. Fifty-three percent of the students answered "yes". Of these, 47% said they had considered switching to a non-engineering field, 25% said they had considered switching to another engineering discipline, and 28% reported that they started in another field and switched into civil engineering.
Research, Internships and Work Experiences
We also asked students to describe if their university offered any independent studies or research opportunities, and to report if they had participated in any internships during their education. The level of research and work experiences reported is very similar between men and women and between white and minority students, so the following summarizes the experiences reported by the undergraduate students as a whole. Seventy-four percent of the students said that they have not had any independent study or research activities with a professor at the time of the survey. However, 55% of the students had participated in internships. Of the students who had had internships, 18% have interned in a structural engineering office, 62% interned in a civil engineering office, and 18% interned in a non-engineering office. Students who have had internships reported that the experience made them more excited about a career in civil engineering. The majority of the students who had not had any internship experiences were interested in arranging an internship in the future.
Involvement in Engineering Professional and Other Organizations
Ninety-four percent of the respondents reported that they were involved in an engineering society or professional group. The most common organization was American Society of Civil Engineers (47% of respondents), followed by the Society of Women Engineers (14% of respondents), and Engineers without Borders (12% of respondents). Twenty-five of female engineers reported some involvement with SWE. Among underrepresented minorities, 21% reported an affiliation with the Society of Hispanic Engineers. In addition, women and underrepresented minorities described a higher level of involvement with all of the organizations. For example, 17% of men reported involvement at the leadership level in one or more of these organizations, compared to 26% of women and 32% of underrepresented minority respondents. This high level of women in student organizations is consistent with previous research which has found, for example, that 40% of participants in Engineers without Borders are women, twice the representation of women among engineering students nationwide.
14 Overall Satisfaction
On the whole, the majority of the students said that they were either satisfied or very satisfied with their undergraduate education, with 36% responding "very satisfied" and 50% responding "satisfied". These numbers were consistent across subgroups of respondents. We also asked students to describe the factors that would make their engineering education more satisfying, with the findings summarized in Table 6 . Respondents reported that they would like their education to include more of: internship and work experiences, discussion of real world applications, choice of courses, and opportunities to study abroad. These factors are the same across different subgroups of students.
The desire for more real world applications and better connections between industry and universities was also mentioned in the open-ended responses on the survey. One student wrote, "I
would love to see more interaction between the classroom concepts and professional industry! It is very frustrating to learn all of these theoretical formulas and not have a way to apply it. Engineering is about problem solving and critical thinking, not theory and equations."
A number of students expressed similar ideas. Others specifically commented that they would like to see more coverage of BIM, Revit, and other industry software packages in the university setting.
Future Plans: Undergraduate Students
The survey continued by asking students about future plans. As reported in Table 7 , the majority of the students were planning to seek full-time employment after graduation, although women and minorities were slightly more likely to plan to pursue graduate and professional school immediately. We also asked students about their plans to pursue graduate education in civil engineering at some time in the future, with results shown in Figure 6 . According to these responses, most students did have plans for graduate school, and the majority of students planned to stay in civil engineering. The survey finished by asking students about their certainty about their career choice. The responses collated in Figure 7 show that the majority of the students were either very certain or certain about their career choice at the time surveyed. However, the results also reveal that, among the survey cohort, men and underrepresented minorities were slightly more certain and excited about their career in civil engineering more than women and the other minority groups. engineering that male students studied as an undergraduate were structures (40%), construction management (12%) and architectural design (12%). For female students, the most common disciplines studied as an undergraduate were structures (48%) and architectural design (18%). Roughly 22% of the respondents had worked in the structural engineering industry for at least six months before attending graduate school. Another 14% worked in another engineering job. Forty-one percent of respondents said their undergraduate program prepared them very well for graduate school. These included 33% of male respondents and 58% of women respondents.
Courses
Graduate students were asked about their experiences in graduate structural engineering coursework. As with the undergraduate respondents, the primary reasons given for liking a course were the professor, the professor's teaching style or method of presenting material, and the subject matter and material. The classroom environment, and assignments for the course, were given as reasons for disliking a class. There do not appear to be significant differences in the responses based on gender or race/ethnicity.
Next, the survey listed a variety of structural engineering courses that students may have taken as either an undergraduate or graduate student, and asked respondents to rate their experiences on a scale of 1 to 4, where 1 indicates a "poor experience, decreased my overall confidence of succeeding in structural engineering" and 4 indicates a "great experience, increased my overall confidence of succeeding in engineering". The most popular courses (as reported in Table 8 ) among the survey respondents were structural analysis and earthquake engineering. Senior (capstone/integrated) design, finite element analysis and foundation engineering were given the lowest ratings. The finding that capstone design was unpopular was somewhat surprising, but the survey questions did not allow us to uncover reasons behind these responses. As with the undergraduate survey, the survey asked participants to identify those aspects of their engineering program that most helped them to succeed as a graduate student. As shown in Figure  8 , the graduate students responded that doing homework and assignments was the most critical of the listed factors to their success. Among the secondary factors, the list is quite different among different groups of respondents. Women identified "engagement with professors and teaching assistants" and "collaboration with other students" as the next level of important factors. However, male graduate students identified the second most important factor as lecture/activities in class. Underrepresented minorities also seemed to rank collaboration with other students higher than some of the other groups of respondents. In summary, women, and to a lesser extent, minorities seemed to place a higher emphasis on the interactions with professors and other students, compared to white men. Compared to the undergraduate respondents (Figure 2) , graduate students seem to place slightly more emphasis on homework assignments and textbooks, and less on collaboration with other students, and lectures/activities in class.
As with the undergraduate survey, we asked graduate students to rate their development of technical and non-technical skills during graduate school on a scale from 1 to 5 according to how much they think they have improved these skills during their engineering education. As summarized in Table 9 , the graduate students rated their skill improvements the highest in the areas of critical thinking, information technology (programming, computer skills, etc.), and engineering design and applications. These are some of the same primary areas of skill improvement identified by the undergraduates (Table 5 ). Among the graduate students, women reported higher levels of improvement than men on all skills except for leadership and ethics. Graduate students were asked the same questions about difficulty of coursework and the confidence they have in their technical skills as the undergraduate students. There do not seem to be much differences between the responses of male and female graduate students, with most students responding that the difficulty has been about right, or that some have been easy and some courses have been hard. Underrepresented minority students were more likely to say that courses were difficult, but recall that the sample size for this group was very small. Compared to undergraduate responses, graduate students were less likely to say that classes were either particularly easy or particularly hard. When asked about the confidence with their technical skills, the majority of the students either said that they have been very confident throughout, or that they were not very confident at the beginning, but are becoming more and more confident. Nevertheless, the differences observed been male and female respondents in the undergraduate survey results persists here, and white men in general indicated higher levels of confidence than women and minority students.
Mentoring
Seventy-eight percent of the graduate respondents said they have a mentor who strongly influenced their education and career choices. Unlike the undergraduate students, the graduate students most often reported that their mentor is a teacher or professor, and substantially fewer pointed to a family member/relative as an influential mentor. A number of respondents also identified employers or supervisors as important mentors.
Involvement in Engineering Professional and Other Organizations
Almost all of the graduate students (85%) documented some kind of participation in engineering societies as either an undergraduate or graduate student. The most commonly mentioned societies were ASCE, Chi Epsilon, the Earthquake Engineering Research Institute, and the Society of Women Engineers. As with the undergraduates, women were more likely to report active and leadership level involvement than other subgroups of respondents.
Research, Internship and Work Experiences
We also asked graduate students about research, internship and work experience. Sixty-seven percent of the graduate students said that they had participated in independent study or research activities during either their undergraduate (23% of those who had done research or independent studies) or graduate studies (26%) or both (51%). Among the survey respondents, women (79% had participated in independent study or research) and underrepresented minorities (86%) reported higher levels of participation, but due to the relatively small sample size, more research would be needed to confirm this finding. In addition, the results show that the majority of the students have participated in internships, with 54% of students responding they had interned in a structural engineering office, 28% interned in a civil engineering office, and 15% interned in a non-engineering office.
Overall Satisfaction
The survey then asked students about their level of satisfaction with their graduate education. Seventy-eight percent of graduate students responded that they were either satisfied (40%) or very satisfied (38%) with their graduate education in structural engineering. These responses are very similar to those from undergraduates. We also asked students to describe the factors that would make their engineering education more satisfying, with the responses provided in Table  10 . Graduate students identified the following factors as being important: (1) more choice of courses, (2) more internship and/or applied work experiences, (3) more discussion of real world applications, and (4) more interaction with faculty. The first three factors align closely with the responses provided by the undergraduate respondents (Table 6 ). Ninety percent of the graduate student respondents said they would recommend that a freshman pursue a degree/career in structural engineering. 
Future Plans: Graduate Students
Responses to questions about plans for plans for life after graduate school are compiled in Table  11 . Some of the respondents reported being undecided, but majority of the students were seeking full-time employment after graduation; others were planning to pursue further higher education.
As with the undergraduate students, the survey asked graduate students about their certainty about their career choice. Responses ( Figure 9 ) revealed that most respondents were "very certain" or "certain" about their chosen career. Graduate students were somewhat more certain than undergraduates about their career with only 17% giving a neutral or negative answer ("neutral", "uncertain", "highly uncertain", or "don't know"), compared to 25% of undergraduate respondents. However, women were more likely than men to express uncertainty or neutral feelings about their career (26% of women compared to 13% of men).
Perspectives on diversity in civil & structural engineering
To explore how diversity and opportunities in civil/structural engineering profession are perceived, both undergraduate and graduate students were asked questions about whether there are equal opportunities of success for all in civil/structural engineering or if some groups have fewer opportunities to succeed. The responses are plotted in Figure 10 . Women and minority survey participants were less likely to say they "believe that there are equal opportunities for everyone". Indeed, 46% of female student respondents and 65% of non-white student respondents responded that they believe there are fewer opportunities in civil/structural engineering for women, minorities or both. These response rates for these questions are in contrast to 28% of men and 24% of white respondents. A similar survey conducted of structural engineering professionals 3 found that among professional respondents, 55% of women and 45% of non-white survey participants said there are fewer opportunities in structural engineering for women or minorities. This seems to suggest a more negative view from female professionals than female students on this issue, but the opposite trend among minority respondents. Students who believe that there are fewer opportunities for women and minorities primarily attribute this to a lack of women/minority role models in industry (38%), inequalities that exist in the profession (32%), family commitments (15%), and differences in how people think and approach problems (15%). The reasons given for believing there are fewer opportunities were generally similar across genders and race/ethnic background, and to the responses from structural engineering professionals. 
Conclusions
This paper describes responses to a survey taken by over 200 undergraduate and graduate students in civil and structural engineering. Respondents were 55% male and 45% female, and 70% white. Analyses of survey responses show that students of all backgrounds choose civil engineering, and the subdiscipline of structural engineering, for the same reasons. However, comparing the responses of different groups based on gender and race/ethnicity, there are significant differences in university experiences between groups of respondents. These difference are manifested in terms of students' self-reported confidence, the development of social networks and mentoring relationships, and their interests in different aspects of the required course work, which impact career goals and expectations.
Examining especially the experiences of women and minorities, the study finds that students of different backgrounds enjoy similar aspects of classes, but women and minorities seem to place somewhat more emphasis on collaboration with their classmates and their relationship with their professors. In addition, white male students expressed more confidence and rated their skills higher (relative to their classmates), despite having the same distribution of GPAs as the other subgroups of respondents. These results illustrate how important the development of personal and professional relationships with practicing engineers is for recruiting and retaining all students, but especially women and minorities. Programs that help students get to know professionals and the workplace may help. It is also important for educators and industry to recognize that men and women express confidence differently, and that this may not be a true representation of ability. Active learning and other activities in the classroom that enhance collaboration and connections between people may also help motivate diverse students.
The study also finds that almost all the students surveyed reported some involvement in professional societies and organizations. ASCE's steel bridge and concrete canoe competitions were reported to be very popular. In addition, women and minority students were more likely to report very active or leadership-level involvement. This relatively high level of student engagement in engineering societies represents a significant opportunity to strengthen connections between universities and industry. Connections between industry and campus chapters of professional organizations offers opportunities to recruit students with leadership experience, including women and minorities.
On the whole, this study finds that students have very little exposure to engineering professionals and real world projects during their time at university. Only 26% of the undergraduate students had participated in research or independent study. Fifty-five percent had completed internships, but many of these were not in the student's chosen field of study. Most respondents ranked more internship opportunities and more discussion of real world applications very highly on their list of things they wish had been different about their education. Despite this, senior design class, which is often organized around a real world project, was not a very popular course and earned some of the lowest ratings of all the courses. Unfortunately, the survey did not collect data on the specific characteristics of senior design classes at different universities or what aspects of this course seem to make it unpopular. These findings support the general observation that students are seeking more real world experience earlier in their college career. Efforts should be made to facilitate site visits and visits to engineering firms, as well as greater number of internships.
Given the large number of respondents who cited "desire to make a difference" as one of the factors contributing to their interest in civil and/or structural engineering, more opportunities to engage with engineering in the community may also be important.
In general, the results of this survey substantiate, for civil and structural engineering students, the findings of other more general studies of women and minorities' experiences in science and technology related fields. For example, previous research has demonstrated that women may be more attracted to aspects of teamwork and a sense of community 15 . Activities outside of the classroom, such as involvement in engineering societies, have also been shown be particularly influence for women 16 . Therefore, this study serves to demonstrate the unexceptional nature of the challenge of diversity in civil and structural engineering. Classroom and extracurricular techniques that have proved successful at retaining a diverse student body in other STEM disciplines, or engineering more generally, are likely appropriate in these subdisciplines as well.
